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Abstract 
This work presents a part of research for thermal spraying arc process with two wires with different chemical composition, 
aluminium and zinc, whose coating is capable of providing effective long term corrosion protection to steel in a wide range of 
land and marine environment. It covers quality tests: optical and microscopic characterization of deposits, local micro-
composition determined by secondary and backscatter electron, images obtained on sections of the areas investigated in the form 
of quantitative and qualitative estimates micro-composite. Diffractometer and spectral analysis of the coatings complete the 
metallographic characterization. The theme can be studied by pupils in technological high schools and get introduced to modern 
investigative techniques and different quality tests. 
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1. Introduction 
Welding is an area with a large volume of industrial application and use of welding processes is constantly 
expanding. Environments in terms of increasingly aggressive, welders engineers face the difficult cases of 
maintenance works.  
Zinc or aluminium coatings are capable of providing effective long term corrosion protection to steel in a wide 
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range of land and marine environment.  
If the deposit is made with aluminium and zinc wires, which are sprayed simultaneously, the coating obtained 
combines the quality of both elements resulting a so called pseudo-alloy structure (Bhuraria & Khanna, 2004). 
This work presents a part of a research for thermal spraying arc process with two  wire different chemical 
composition, aluminium ( 99,5%) and zinc (99,9%), whose coating is estimated to be a hybrid coating which 
combines the qualities of both materials. This hybrid deposition suffered post metallisation thermal treatments (heat 
treated with flame - cod F and in oven - cod C). 
The quality criteria considered for the analyses of material behaviour have targeted micro-structural changes 
and corrosion resistance. The literature specifies that in marine environment the coating used should be 305-380 
microns, from Al or Al-Zn, conferring durability of 20-40 years.  
I2, I2F and I2C samples were chosen due to the higher thickness of the coating, around 330 microns. The 
thermal spraying arc process parameters used are current intensity I=50 A, pressure=5 at, projection distance 
=170mm, voltage=30V.  
Corrosion tests revealed the positive effect of the alloying of aluminium and zinc, the superiority of Al-Zn 
pseudo-alloys coatings over the single Al or Zn ones, and the effect over the reliability and practicability. 
The effect of flame or oven thermal treatments over the structure and properties of coatings revealed the 
positive impact on the consistence of the coatings, the increased hardness and reduced porosity, improving the 
effects of corrosion resistance. 
The paper presents the quality tests researches regarding deposits characterisations  using different testing 
method like: the characterization of deposits by optical and electronic microscopy; local micro-composition 
determined by secondary and backscatter electron, images obtained on sections of the areas investigated in the form 
of quantitative and qualitative estimates micro-composit; diffractometer and spectral analysis. 
2. Characterisation using optical and electronic microscopy (SEM) 
Thermal spraying coating characterisation was performed with electronic and optical scanning microscopy 
(SEM), after metalografic preparation. In table 1 there are the results of metalografical analyses for samples resulted 
using intensity. 
The samples investigation was performed on an electronic microscope SEM – INSPECT S, FEI, Holland. 
Table 1: SEM analysis 
I2 
I= 50 A, 
p=5 atm, 
d=170 mm  
 
 
 
 
 
 
 
Increasing the amperage substantially improves 
the compaction of the coating. 
 
An Zn-Al alloy was obtained, consisting of an 
ne-omogenic ß solution in (α + ß) eutectic. 
 
 
 
x400 
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I2F 
I= 50 A, 
p=5 atm, 
d=170 mm 
Porosity and connections between particles and 
acicular compounds (Zn and Fe) can be 
observed. 
 
Melting of the Zn led to the discontinuous 
eutectic (α + ß) 
 
 
 
 
 
 x1000 
I2C 
I= 50 A, 
p=5 atm, 
d=170 mm 
Relatively accentuated porosity is visible. 
 
Partial melting created an eutectic alloy, 
discontinuous and acicular compounds FeZn10 
at the interface with the steel. 
 
x4000 
 The layers over which passed the flame jet diffusion are more compact, the new phase began, acicular of 
zinc-iron compounds (Bratean, 2011).  
 Samples placed in the oven, because the diffusion of advanced reaction occurs between compounds appear 
bridges, reduces pores, characteristics and become more homogeneous.  
 
3. The local characterisation of the coating using EDAX 
  
The coatings were studied using a electron-scan microscope FEI, QUANTA INSPECT "F" equipped with 
an energy dispersive analysis system (EDS). The results are presented in secondary and backscatter electron images, 
obtained on sections of the surfaces investigated in the form of quantitative and qualitative estimates. (Roman, 
Bunescu & Nita, 1992)  
 The sample analysed I2C is filed with nominal parameters and treated in the oven: 
 
Fig.1 (a) Electronic image (.X.100 ) (b) Detail (.X.1000) 
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Quantitative chemical microanalysis in percent and atomic mass is shown in Table 2. 
Table 2: EDAX analysis 
     O      Al      Fe      Zn 
Wt. %   9.76   38.23     7.93   44.08 
At. %   21.46   49.83     4.99     23.72 
 
Distribution maps and X-ray spectrum of the area are shown in Fig. 2 and reflect the distribution and characteristic 
peaks of each element on the surface of study.  
 
Fig. 2 Distribution maps and X-ray spectrum of the surface in Figure 1 
 The micro-composition layer contains aluminium, zinc and iron traces from the medium by diffusion, local 
mass percentages are shown in Table 2.  
 
4. X-Ray diffraction analysis (XRD) 
 
Phase identification was carried out by X-ray diffraction analysis of the metallic I2 test which was then 
subjected to corrosion tests. This peak was found corresponding to aluminium, zinc and zinc oxide. 
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Fig. 3 Diffraction analysis of I2 
The quantities obtained are presented in Table 3. 
Table 3 
 
The sample contains Zn 57%, Al 16% and Zn oxide 27%.  
Zinc oxide film, zincite, is stable under atmospheric conditions and sea water. 
 
5. Spectral analysis 
 
Spectral analysis by X-ray fluorescence to identify quantitative constituents was done with a sequential spectrometer 
type Axyos. Pseudo samples were analysed which were then subjected to corrosion tests. 
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Fig. 4: IDX analysis of sample I2 
  
The spectral analysis of the samples indicate folowing procents  for oxigen, aluminum,zinc and iron: 
x I2 -   O 9.4 % | Al 25.9% | Zn 63.7 % | Fe 0.38%  
x I2F - O 13.9% | Al 14.7% | Zn 70% | Fe 0.38%  
x I2C  - O 26.8% | Al 12% | Zn 60% | Fe 0.5% 
 
 A few microns were removed by grinding the surface layer of the I2C sample and the spectral analysis was 
repeated and indicated O 8%, Al 17.9%, Zn 73% and Fe 1.9%. We can observe that the amount of oxygen decreased 
and has been redistributed to the aluminium and zinc percentages. This indicates that Zn and Al oxides are most 
likely in the surface layer. 
 Compared with I2, in I2F after the treatment with flame the deposited material increased in Zn and oxygen 
content and decreased Al content. This phenomenon occurred because Zn melted first and migrated to the surface 
(even if it's hard) increasing the amount of Zn evidenced by X-ray spectral fluorescence as opposed to Al, due to 
flame oxidation (Bratean, Miclosi, Voiculescu & Iacobescu, 2011).  
 In the case of I2C the heat treatment increases the percentage of oxygen and decreases the Al and Zn. 
 
Conclusions 
 
This paper presents a series of advanced investigative techniques used in the research performed in the industry 
today. This methods are used in quality control and in development of new technologies.  
The application of this methods in this study prove that Aluminium-Zinc coatings formed by arc metallization 
process allows obtaining deposits with higher percentages of Al and these coatings are capable of producing 
effective corrosion protection in the long term, within a wide range of marine and terrestrial environments.  
This study can establish a starting point for engineers which design electrical arc metallisation technologies.  
The research can also be studied by pupils in technological high schools. The theme aims to familiarize them 
with research activities, modern investigative techniques and different quality tests. It may used for case studies as 
methods of direct confrontation of students with real life situations, requiring genuine transfer of knowledge and 
skills, exploration ability, data processing, search and assessment solutions. 
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